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[57] ABSTRACT 
A method and apparatus for treatment of sewage and 

waste materials, and while applicable to larger installa 
tions, is particularly desirable for relatively small, for 
example family and multi-family installations, utilizing 
high rate bio-chemical oxidation/physio-chemical ad 
sorption, in which the sewage is subjected to a primary 
biological treatment, and a secondary settling treat 
ment, with the primary-secondary effluent, following 
addition thereto of an organic-inorganic chemical mate 
rial comprising prereacted ?oc, a phosphate precipitat 
ing material and a nonionic polyelectrolyte, operative 
to maintain pH and zeta potential favorable to ?occua 
tion, being subjected to a tertiary treatment by passage 
through a mixed ?ltration and adsorption bed contain 
ing activated carbon, the mixed bed being periodically 
regenerated by a partial wet-gas oxygenation cycle, 
utilizing a re?ex operation in which the products of 
regeneration are returned to the primary treatment, and 
in which the ?nal ef?uent may, for example, contain an 
average of less than 1 mg/l BOD5 and an average of less 
than 0.6 mg/l of suspended solids, an average of less 
than 0.3 mg/l phosphorus (as P04), and with a material 
reduction in sludge. The invention also provides fully 
automatic cyclic operation and includes a novel tertiary 
method and structure, including regeneration thereof, 
as well as the chemical materials utilized and the 
method of use thereof. In a preferred form of the inven 
tion, the chemicals are produced as a dry homogeneous 
discrete material which may be readily transported and 
handled in dry form, and formed into an aqueous mix or 
slurry at time of ultimate use. 

14 Claims, 11 Drawing Figures 
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METHODS FOR USE IN WATER PURIFICATION 
PARTICULARLY SEWAGE TREATMENT 

This is a division of application Ser. No. 429,488, ?led 
Jan. 2, 1974 now U.S. Pat. No. 4,081,365. 

BACKGROUND OF THE INVENTION 

In the treatment of sewage, particularly involving 
single-family installations, the so-called “Septic sys 
tems” have been employed for many years, which sys 
tems employed solely anaerobic action in a suitable 
container and subsequent discharge of ef?uent into a_ 
suitable ground ?eld. 
More recently, various types of packaged waste treat 

ment plants have been developed, which usually em 
ploy a modi?ed activated sludge/extended aeration 
process, with the ?nal plant effluent normally contain 
ing approximately 25 ppm BOD5 and approximately 50 
ppm of suspended solids, chlorine, for example in tablet 
form, being utilized to provide ?nal disinfection. 

Systems employing granular-activated carbon are 
also known, and considerable data is at hand as to area 
and height of beds thereof, ?ows involved, as well as 
carbon reactivation requirements. For example, see 
U.S. Pat. No. 3,455,820. The use of carbon columns thus 
involves additional considerations. In addition to other 
problems as to size. requirements etc., the carbon must 
be backwashed and eventually reactivated or replaced, 
the carbon usually being removed and heated in a fur 
nace or kiln to a suf?cient temperature to oxidize the 
adsorbed materials thereon, but insuf?cient to oxidize 
the carbon, for example l500°—l700° F. 

In addition, various procedures for “wet oxidative” 
reactivation of spent active carbon has also been de 
vised utilizing air and water, the temperatures involved 
running from 125° C. to 300’ C. or higher and may 
include relatively high pressures. See, for example, U.S. 
Pat. No. 3,150,105 and No. 3,386,922. It will be noted 
that operations of this type normally involve the re 
moval of the carbon from the apparatus ‘involved and 
reactivation in a suitable kiln, autoclave or the like, the 
operation normally .taking at least a matter of hours. 
Operations of this type, requiring removal of the carbon 
from the apparatus involved, thus necessitate the use of 
standby units for operation when a spent unit is being 
reactivated, necessitating a greater number of units than 
actually required for the sewage treatment. Conse 
quently, the use of carbon columns has been limited to 
installations that make the inclusion of a carbon column 
and means for reactivating the same both practical and 
feasible economically. 
More recently the importance of the zeta potential 

(ZP), a long known principle of physical chemistry, has 
been recognized in connection with coagulation, partic 
ularly in connection with dif?cult raw-water colloids. 
The zeta potential is a measure of the electro-kinetic 
charge (in millivolts) that surrounds particulate matter. 
The charge on raw-water turbidity andsuspended- mat 
ter in domestic sewage is, on the average, predomi 
nately electro-negative and is strong enough to cause 
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2 
may be in the range of ~15 to —25 mv) prevents ag 
glometaion. ‘ 

In connectionwith the study of zeta potential refer 
ence is made to the following publications: 
Zeta Potential: New Tool For Water Treatment, 

. Thomas M. Riddick, Chemical Engineering, June 26, 
1961, July 10, .1961 McGraw-Hill Publishing Com 
pany, Inc. ‘ 

Role of the Zeta Potential in Coagulation Involving 
Hydrous Oxides, Thomas M. Riddick, 

Tappi, The Journal of the Technical Association of The 
Pulp and Paper Industry, Volume 47, No. 1, January, 
1964 

Zeta-Meter Helps Filter-Rate Study, D. Lamoureux, 
Water and Pollution Control (Formerly Canadian 
Municipal Utilities), August, 1965 
As will be apparent from the reference articles, the 

actual mechanics of the zeta potential and reduction in 
zeta potential of floc is not precisely factually known at 
the present time and explanations thus involve theoreti 
cal concepts. One such concept is described in the ?rst 
mentioned article while the second mentioned article 
refers to the coating of each colloid with suf?cient 
adsorbed hydrous oxides to bring ‘its zeta potential to 
zero. 

As a result, small systems have involved installations 
such as previously described, with the additional utiliza 
tion of bacteria-enzymes etc. in an effort to achieve raid 
degredation. However, substantially all systems, partic 
ularly if the system is intended to bring the ultimate 
effluent within currently accepted standards, involve a 
considerable number of individual steps, requiring cor 
responding number of tanks, etc., with none of the sys 
tems actually being fully automatic, whereby no operat 
ing personnel are required. It will be appreciated that 
this problem is somewhat analagous to the electronic 
?eld wherein almost any electronic problem can be 
solved if size, number of components, complexity and 
costs are not of critical importance. Likewise, in water 
puri?cation, almost any degree of puri?cation can be 
achieved if the number of stages, vessels, ?lters, col 
umns, multiple chemical treatments, size, cost and com 
plexity are not controlling factors. 
A very interesting and comprehensive study of waste 

water treatment concepts including a review of known 
types of systems (as of 3-1972) will be found in the 
treatise “Advanced Waste Water Treatment Concepts” 
by Dr. James E. Young, P.E.Research Consultant in 
Environmental Engineering, General Filter Company, 
Ames, Iowa, appearing in Bul. No. 7221, 3-72-2M-W, 
entitled “GFC Conservation for ‘better water’”, pub 
lished by General Filter Co. 

BRIEF SUMMARY OF THE INVENTION 

The invention isdirected to a sewage system, particu 
larly for relatively small installations, for example, one 
or multiple family units, as distinguished from municipal 
systems and the like, although, apparatus embodying 

- the present invention, readily may be increased as to 
60 

signi?cant mutual repulsion, sothat while coarse frac- - 
tions, for example, ranging in particle'diameter from 1 
mm to 1 micron, may be relatively readily removed by 
conventional coagulation, ?ne colloidal fractions, for 
example, ranging from 1 micron to 10 Angstrom units, 
cannot. In such case the colloidal size prevents sedimen 
tation and its electro-negative zeta potential (which 

65 

capacity, for example ?fty persons and larger, and if 
desired, the apparatus may be utilized in multiples. The 
method and apparatus of the invention is readily 
adapted to automatic cyclic operation whereby con 
stant maintenance or monitoring of the operation is 
eliminated, with only periodic replenishment of chemi 
cals employed therewith being involved. 
The system utilizes a combination primary-secondary 

treatment including phosphate removal, involving zeta 
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potential control by destabilization and ?occulation, as 
well as pH control, followed by a tertiary treatment 
having an up?ow mixed media mineral ?ltration bed 
and associated activated carbon adsorption bed, with 
reactivation of the carbon being achieved in a novel 5 
re?ex, wet-oxidation operation which takes place in 
situ, and the reactivation products returned to the pri 
mary and secondary treatment. As a result of such re 
?ex action, a high degree of ef?ciency is achieved in the 
oxidation procedures, and sludge deposits in the pri 
mary-secondary operations are also materially reduced, 
whereby the system may be operated over relatively 
long periods of time without excessive sludge accumu 
lation in the primary-secondary system, whereby clean 
ing operations may be required only at exceptionally 
long intervals. 
The system herein described and illustrated may be 

readily cyclically operated, employing, for example, a 
24-hour cycle, in which aeration in the primary-second 
ary unit takes place over a period of maximum use of the 20 
system, for example from early morning hours to late 
evening hours, followed by a period of settling during 
the after-midnight hours, and a relatively brief period 
during a “pump-down” cycle, i.e. during which e?luent 
is pumped through the tertiary unit. Regeneration of the 25 
tertiary unit may take place automatically, for example 
during the aeration cycle, particularly near the end of 
the latter. The regeneration cycle involves the use of 
water, advantageously renovated water received from 
the previous pump~down cycle and preferably heated to 
a suitable temperature, for example 160' R, which is 
passed through the tertiary unit, in the same direction as 
flow during the pump-down cycle, air under pressure 
being similarly admitted to the tertiary unit, preferably 
initially only air, followed by a combined air and water 
?ow and terminated with a flushing operation employ 
ing only water. The purged water and contents dis 
charged from the tertiary unit are returned to the pri 
mary-secondary unit. 
The invention employs both inorganic and organic 40 

chemicals for phosphate removal, ?occulation and ag 
glomeration of suspended and colloidal materials, con; 
trol of zeta potential and control of pH, which are intro 
duced into the system as an aqueous mix or slurry, the 
material preferably being initially produced as a homo 
geneous discrete dry material which may be readily 
handled and transported, and mixed with water prior to 
its use in the system. 

It will be appreciated that the character of sewage to 
be treated may vary widely, both as to inorganic and 
organic content, and thus also as to its pH value, and the 
chemical material here involved may be, in effect, “tail 
or-made” to average conditions associated with the 
sewage or wastes to be treated. By suitable selection 
and amounts of the chemical constituents, favorable pH 
values may be maintained in the system along with 
effective zeta potential control, whereby substantially 
instant ?occulation and very rapid agglomeration of 
suspended and colloidal materials results. 
While a number of inorganic materials may be em~ 

ployed, depending upon the speci?c application, com 
prising those commonly employed in water and sewage 
treatment, i.e. aluminum and iron sulphates, sodium 
aluminate and ferric chloride, as hereinafter discussed in 
detail, is believed that in most applications aluminum 
sulphate and/or sodium aluminate will be preferable 
from the standpoint of cost, efficiency in use, absence of 
color and taste problems, etc. Such combinations with 
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4 
aluminum salts provide a substantially universal mate 
rial capable of use with the present invention in substan 
tially any application, and in view of the advantages of 
such material, it is believed that the other materials may 
normally be relegated to usage only when their speci?c 
characteristics would, in speci?c applications, offer 
some advantage over the use of the preferred materials. 

In general, the chemical material will ‘comprise an 
inorganic agglomeration-promoting material, prefera 
bly an organic non-ionic high molecular weight polye 
lectrolyte, an inorganic material for effecting phosphate 
removal if such removal is included, and a material for 
providing a ?oc for colloidal and suspended material 
agglomeration. The ?oc-producing material and that 
employed in phosphate removal may be the same or 
different materials. Thus, assuming that aluminum sul 
phate or sodium aluminate are employed as such materi 
als, selection will normally be determined by the char 
acter of the sewage to be treated. Likewise, where alu 
minum or other sulphate is employed as the flocculent, 
an inorganic material reactive therewith, such as soda 
ash, i.e. sodium carbonate, or operational equivalent is 
included whereby the desired amount of iloc will be 
produced. > 

The various chemicals, contrary to prior teaching, 
may be mixed together and supplied as a liquid or sus 
pension of prereacted iloc. Where the sewage involved 
has an average pH relatively close to 7, and includes 
phosphates which are to beremoved, normally alumi 
num sulphate may be employed for the phosphate re 
moval, with the pH of the effluent being maintained 
close to 7 and control of zeta potential effected by desta 
bilization. 0n the other hand, if the sewage or waste has 
an average pH that is relatively low, i.e. acidic, it may 
be preferable to employ sodium aluminate for phos 
phate removal, with the latter thus having a greater 
effect on the pH, again bringing it up close to 7, i.e. 6.8 
to 7.1. Intermediate control may be achieved by a mix 
ture of both salts in suitable proportions. 

Preferably the chemical mixture is supplied in two 
different steps, part to the tertiary unit with the effluent 
from- the primary-secondary unit, by injection in mea 
sured amounts into the supply line from the primary 
secondary unit to the tertiary unit, and part supplied 
directly to the primary-secondary unit, for example just 
prior to the settling ‘cycle. The invention enables, for 
example, the production of a compact, highly efficient 
aerobic sewage and waste system that replaces the sep 
tic tank, for example, having a 500 gal. per day capacity 
(adequate for at least six persons), with the achievement 
of organic reduction in excess of 99%, as compared 
with the 25% to 40% reduction of the traditional septic 
tank system, and results in the production of reusable 
water of high purity, i.e. removal of 99% of all solids, 
odor and tastes in the ef?uent as well as a material re 
duction in phosphates. 
The system readily may be fully automatic, requiring 

no controlling personnel, and can be installed in any 
terrain, as the system requires no adsorption ?eld tile 
bed. The effluent may be discharged into a stream, used 
for irrigation, recirculated for use in air conditioning 
systems and waste plumbing ?xtures, etc. where permit 
ted. By simple chlorinating and possibly reverse-osmo 
sis procedures it even may be employed as potable wa 
ter. 

In addition, wastes are treated over 75% faster than 
standard microbiological systems. It facilitates the 
rapid assimilation of oxygen by the wastes and acceler 
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ates the bio-chemical oxidation rate. The exclusive 
“once through” process involved eliminates the need 
for settling ponds and extensive sludge removal as well 
as numerous tanks, etc. and multifold operations. In 
applications where disinfection is desired or required, 
automatic chlorination and/or reverse-osmosis systems 
may be readily included. 
Another feature of the invention is the provision of a 

novel tertiary ?ltration and adsorption structure and 
methods of operation, and regeneration thereof utilizing 
a wet-air oxidation. 
A further feature of the invention is the production of 

a single chemical material in the practice of the inven 
tion which may be produced in dry or liquid form, and 
will provide pre-reacted ?oc, material for phosphate 
removal and a non-ionic polyelectrolyte for agglomera 
tion promotion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the drawings, wherein like reference characters 
indicate like or corresponding parts: 
FIG. 1 is a semi-schematic ?ow diagram of a system 

employing the present invention; 
FIG. 2 is an isometric view, with portions broken 

away and transposed, of apparatus constructed in ac 
cordance with the present invention; 
FIG. 3 is a sectional view of the apparatus illustrated 

in FIG. 2 taken approximately on the line III—III of 
FIG. 4; 
FIG. 4 is a plan view of the apparatus illustrated in 

FIG. 2, with portions broken away to simplify the dis 
closure; . 

FIG. 5 is a sectional view of the apparatus, taken 
approximately on line V—V of FIG. 3; 
FIG. 6 is a sectional view taken approximately on the 

line VI—VI of FIG. 4, with portions broken away to 
show details of construction; 
FIG. 7 is a sectional view taken approximately on the 

line VII-VII of FIG. 4; 
FIG. 8 is a sectional view through one of the jet 

structures illustrated in FIGS. 2 and 3; 
FIG. 9 is a sectional view, similar to FIG. 8, of a 

modi?ed jet structure; 
FIG. 10 is a time diagram illustrating the examplary 

sequence of operations over 24-hour period; and 
FIG. 11 is a chart illustrating the relationship of the 

chemicals involved with respect to pH. 

GENERAL PROCEDURES 

FIG. 1 illustrates a semi-schematic flow diagram 
depicting the general arrangement and operations em 
ployed, in which the reference numeral 1 indicates gen 
erally a primary-secondary treatment unit or stage, the 
reference numeral 2 a tertiary treatment unit or stage, 
and the reference numeral 3 a storage reservoir, for 
renovated water. The raw sewage enters the primary 
secondary treatment stage through a supply line 4, con 
nected to the sewage source by a line 5, preferably 
through an intermediate holding tank 6 with the supply 
to the primary-secondary treatment being controlled by 
a valve VI, for example, a power-actuated valve dis 
posed in the line 4. The primary-secondary stage 1 is 
operatively connected with the tertiary stage 2 over a 
pump P1 and line 7, which may have a ?ow controlling 
valve FVl and a check valve CV1 interposted therein, 
with effluent discharged from the tertiary apparatus 
being conducted over a line 8, which may have a flow 
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6 
controlling valve FV2 and a power-actuated control 
valve V2 disposed therein, to the storage reservoir 3. 
Thus the sewage may be controlled in the primary 

secondary treatment stage, discharge therefrom being 
prevented by the de-energized pump P1, and processed, 
for example subjected to suitable aeration, followed by 
a period of settling, during which the valve V1 may be 
closed, whereby any incoming sewage during such 
period may be accumulated and retained in the holding 
tank 6 during the settling period, so that such settling is 
not disturbed. 
Following settling, a pump-down phase may be initi 

ated in which pump P1 is actuated to effect pumping of 
the ef?uent in the primary-secondary stage apparatus to 
the tertiary treatment stage 2, with the output therefrom 
?owing through line 8, and open power-actuated line 
valve V2 therein, at a suitable rate, as determined, for 
example, by either or both ?ow control valves FVl and 
FV2, into the reservoir 3, accumulating a predeter 
mined volume of liquid therein, with excess liquid being 
discharged through the line 9. 
As hereinafter described in detail, suitable chemical 

materials may be simultaneously supplied by pump P2 
from a chemical supply CS, through lines 10 and 10a, to 
the line 7, for example between check valve CV1 and 
flow valve FV1, and thus act upon ef?uent from the 
primary-secondary treatment stage as it ?ows through 
line 7 into the tertiary treatment stage. At a selected 
period or periods, chemicals may also be discharged 
into the primary-secondary stage by means of a similar 
pump P3, through common line 10 and line 10b. 
At predetermined periods following the pump-down 

phase the tertiary treatment apparatus may be purged or 
reactivated by means of a wet-oxidation process, em 
ploying for example air and water. Such process may be 
readily effected by the use of renovated water from the 
reservoir 3, preferably heated to a desired temperature, 
which is pumped, by means of a submerged pump P4, 
through line 11, ?ow-controlling valve FV3, check 
valve CV2 and line 7 into the tertiary treatment stage, 
with check valve CV1 preventing reverse flow into the 
primary-secondary treatment stage during such opera 
tion. Discharge of such water from the tertiary treat 
ment stage takes place through a line 12, under the 
control of a power-actuated valve V3 with the line 12 
discharging its contents into the primary-secondary 
treatment apparatus. Air under pressure may be sup 
plied from an air compressor C1, through a line 13, 
having a check valve CV3 therein, to the tertiary treat 
ment apparatus, in conjunction with the admission of 
water through the line 11, to provide a wet-air regener 
ation of such apparatus, as hereinafter described in de 
tail. As illustrated, power-actuated valves V2, V3 may 
be by-passed by manual valves V2’, and V3’ for manual 
operation, if necessary or desired. 
As subsequently discussed in detail, the system gener 

ally described in particularly adaptable for use in com 
paratively small installations as for example home or 
multiple home installations in which the various phases 
of operation referred to may take place cyclically over 
a 24-hour period, for example collecting sewage in the 
primary-secondary treatment stage over a period from 
early morning hours, for example around 5 A.M. to the 
midmight hours, for example around 1 A.M., during 
which period the contents therein are continuously 
aerated. At or preferably near the end of the aerating 
period, conduction of raw sewage to the primary 
secondary stage may be discontinued and the tertiary 
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treatment stage 2 regenerated by the wet-oxidation 
process described, utilizing air from compressor C1 
over the line 13, and water from the reservoir 3 over 
line 11, with the discharge from the stage 2 being re 
turned, over line 12, to the primary and secondary 
stage. 
Following the end of the aeration period, a settling 

period may be effected, with any incoming sewage 
being collected in the tank 6, at the end of which set 
tling period the output from the primary-secondary 
stage 1 is pumped into and through the tertiary stage 2, 
with the output thereof being accumulated in the reser 
voir 3 and any excess water discharged over the line 9, 
concluding a complete cycle of operation which may be 
immediately followed by a second collection and aera 
tion cycle. 
The chemical injected by the pumps P2-P3, compris 

ing, for example, a mixture of prereacted ?oc produced 
from a ?occulating agent, and if necessary a reactive 
agent therefor, a phosphate reactive material, and an 
agglomeration-promotion agent, operative to reduce 
the zeta potential to -— 5 to + 5 ZP, produce a relatively 
instant Hoe-agglomeration, i.e., in a matter of seconds, 
while maintaining the pH of the ef?uent ata value fa 
vorable to ?occulation and agglomeration, and provide 
colloid destabilization. 

Contrary to previous, accepted teachings, favorable 
results are achieved with use in the apparatus, of the 
chemical components in the form of a mixture and 
while equivalent materials may be employed in accor 
dance with established techniques in the ?eld, prefera 
bly, as previously mentioned, there is employed for the 
chemical material a suitable mixture of aluminum sulfate 
(alum) and sodium carbonate (soda ash), sodium alumi 
nate (or mixtures thereof) and a non-ionic polyelectro~ 
lyte, preferably a polyacrylamide. 
The practice of the invention enables the achieve 

ment of exceptional highly ef?cient results with a bare 
minimum number of operative steps and a minimum 
amount of tanks and other equipment, at the same time 
enabling the achievement of a substantially completely 
automatic continuous operation of the system, requiring 
primarily only material supply maintenance at suitable 
intervals, for example monthly or semi-monthly, for 
replenishment of the chemical materials utilized. 
To facilitate explanation of the invention, the appara 

tus initially will be described, followed by a description 
of the overall operation and ?nally details of the materi 
als involved, background theory and the exceptional 
results obtained detailed. ' 

THE APPARATUS 

FIGS. 2 through 7 illustrate a preferred embodiment 
of the invention, providing a complete sewage system as 
a unitary structure, which may be readily fabricated of 
sheet steel (as illustrated) reinforced concrete, etc., as 
sembled and transported to the locality of use. 

In general, the device employs a single unitary tank 
or housing structure designated generally by the refer 
ence numeral 14, which as illustrated in FIGS. 2 and 3 
is rectangular in con?guration and generally L-shaped 
in longitudinal cross-section, having a bottom wall 15, 
end walls 16a, 16b, side walls 16c, 16d, a top wall 17 
adjacent the end wall 160 and an upper end wall 18 
extending upwardly from the top wall 17. The end wall 
16c and adjacent portions of the side walls 16b and 16d 
are extended upwardly to the top edge of the upper wall 
18, forming a vertically extending column 14', the top 
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edge portions of which de?ning an access opening 19 
which may be closed by a suitable cover or grill (not 
illustrated). A partition wall 20 extends transversely 
across the'tank 14 between side walls 16b and 16d. with 
the walls 16a, 16b, 16d and 20, together with the top 
wall 17, de?ning a primary-secondary chamber 21. The 
partition wall 20, end wall 160 and side walls 16b and 
16d de?ne a second chamber 22, in which is disposed 
the tertiary treatment apparatus 2 and the renovated 
water reservoir 3. 

In the embodiment illustrated, the tertiary unit 2 and 
reservoir 3 are of generally rectangular con?guration, 
the tertiary unit 2 being supported from the bottom wall 
15 while the reservoir 3 is supported on a suitable plat 
form 23. 
The unit is completely self-contained, requiring no 

additional tanks, ground ?elds, or the like and conse 
quently may be installed either above or below ground, 
and in or on any terrain or structure capable of ade 
quately supporting the same. 

After placing in normal operation, it is completely 
automatic in operation, requiring (other than sewage 
connection, etc.) only electrical connection and peri 
odic maintenance with respect to chemical replenish 
ment. 

PRIMARY-SECONDARY TREATMENT 
STRUCTURE 

Details of the primary-secondary apparatus are illus 
trated in FIGS. 2, 3 and 5 and the basic structure, tank 
14 and tank 6 each may be of generally conventional 
sheet metal construction. 

Disposed adjacent the bottom of the primary-second 
ary chamber 21 is a suitable aerating unit 24, with air 
being supplied thereto by an air supply line 25, running 
from the unit 24 to a blower B having a suitable air inlet 
line 26 which, for example, may run to an air inlet on a 
suitable control box (not illustrated). The aerating unit 
24 may be of commercial design, readilyprocurable on 
the open market, and is adapted to discharge air re 
ceived from the line 25 throughout the bottom area of 
the chamber, with such air thus rising through the con 
tents therein to the top surface thereof. 
The contents of the chamber 21 are adapted to be 

withdrawn therefrom by means of the submersed dis 
charge pump Pl which is illustrated as being opera 
tively connected by line 27, the check valve CV1 and a 
strainer S to the flow control valve FV1 and line 7. It 
will be apparent that upon operation of the pump P1 
ef?uent will be discharged through the line 7 until the 
liquid level in the chamber drops approximately to the 
level of the intake openings of the pump P1 as deter 
mined by a suitable ?oat switch 28, having an actuating 
float 29, the switch and ?oat structure being of known 
construction, commercially procurable. Check valve 
CV1 prevents a reverse ?ow. 
The holding tank 6 is constructed of suitable size 

commensurate with the operational capacity of the 
apparatus and is adapted to receive raw sewage, in the 
embodiment illustrated, from the supply line 5. The 
power-actuated valve V1, disposed in the discharge line 
4, may be of electro-mechanical type and is so posi 
tioned, for example in the column 14', that it may be 
readily serviced or replaced, if necessary, without dis 
mantling any other portion of the system. The holding 
tank 6, may be of closed construction, in which case it 
may be provided with an over?ow or vent pipe 30, the 
latter being laterally displaced with respect to the line 4 
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as will be apparentfrom a vreference to FIGS. 2, 4 and 
5 

1 ‘Also, as illustrated in FIG. 2, the line 12v from the 
tertiary treatment apparatus 2 extends laterally into the 
column 14' and then downwardly with its open end 
disposed to discharge into the chamber 21. 
The supply container CS, is operatively connected to 

suitable feed pumps P2 and P3, the inlet sides of which 
are connected over line 10 to the outlet of the container 
CS, illustrated as being mounted in the column 14’ 
above the chamber 21. Any suitable means may be asso 
ciated with the tank CS or with pumps P2 and P3 to 
insure feeding of predetermined amounts of chemicals 
into the line 7 over line 10a, and into the chamber 21, 
over line 10b or the pumps P2, P3 may be suitable con 
structed to feed predetermined amounts. Suitable means 
may be provided for effective agitaion of the chemical 
material in the tank CS, for example an electric agitator 
employing an electric motor CS1 which rotates suitable 
agitator blades CS2, as illustrated in FIGS. 2, 3 and 5, 
thereby insuring a uniform feed. 
The chamber 21 may be provided with an over?ow 

pipe 21' having a ?ap-type check valve CV4 therein 
preventing a back ?ow. The line 7 may be provided 
with a by-pass line 7' communicating with the over?ow 
line 21' whereby, if desired for any reason, effluent in 
the primary-secondary chamber may be pummped out 
the over?ow line. Flow through the line 7' may be 
controlled by a manual valve V4. 

TERTIARY TREATMENT APPARATUS 

Details of the tertiary treatment stage or unit 2 are 
illustrated in vFIGS. 2 and 3. The tertiary treatment unit 
comprises a generally rectangularly shaped housing or 
container, indicated generally by this reference numeral 
31, having a tubular intermediate member 32, a top 
member 33 and a bottom member 34. Extending across 
the interior of the upper portion of the intermediate 
member 32 is a grid member, indicated generally by the 
numeral 35, which in the embodiment illustrated may be 
of cast construction and secured to and supported by a 
plurality of peripheral blocks 36, welded or otherwise 
secured to the side walls of the member 32. 
Also disposed in the upper portion of the member 32, 

adjacent the top member 33, is a water collection struc 
ture in the form of a trough member 37, illustrated as 
being of inverted generally triangular con?guration in 
transverse cross-section, having a lower imperforate 
section 38, an upper perforate section 38' and respective 
end walls 39, with the perforate side wall portions 40 
forming the liquid inlet of the structure. The perforate 
section, which may comprise a suitable screen or the 
like, is provided with openings of a size to provide 
adequate liquid ?ow through the screen but prevent the 
passage of particles of predetermined size into the 
trough. The latter is also provided with a pressure re 
lease port 41 therein which extends to the exterior of the 
structure and is closed by a pressure relief valve 42, 
operatively communicating over aline 42' with the line 
8 to the reservoir 3. The tertiarytunit is also provided 
with a pressure gauge 43 and an air venting valve 44, 
both of which are mounted on the top 33 in communica 
tion with the housing interior. As illustrated, the lines 8 
and 12 are connected by a T-connection with the com 
mon line 45 extending into the trough member 37, 
whereby liquid entering the lines 8 M12, as determined 
by the operating positions of the valvesV2 and V3 is 
taken from substantially the extreme top of the housing 
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31. The trough member 37 may be supported, for exam 
ple, in addition to the support provided by the outlets 41 
and 45, by a plurality of blocks 36’ rigidly mounted on 
the adjacent side walls of the member 32. 
As illustrated in FIGS. 2 and 3, extending across the 

housing 31 adjacent the bottom 34 thereof is a partition 
wall 46, forming a chamber 47 at the bottom of the 
structure. As illustrated in such ?gures, as well as in 
FIG. 7, the lines 7 and 11 are connected to a common 
inlet pipe 48 for discharging liquid in either of the lines 
7 or 11 into the chamber 47. A baf?e member or plate 
49, suitably supported by legs or the like from the bot 
tom 34, extends above and across the inlet opening 48' 
of the pipe 48, thus preventing direct discharge of liquid 
against the partition wall 46 and effectively distributing 
?ow throughout the chamber. 
The wall 46 is provided with a plurality of jets, indi 

cated generally by the numeral 50, a preferred embodi 
ment of which is illustrated in FIG. 8. 

In this construction the jet comprises an externally 
threaded shank member 51 adapted to be threaded into 
the supporting wall or plate 46 and secured in operating 
position by a lock nut 52 threaded on the shank 51. 
Disposed at the opposite face of the wall 46 and encir 
cling the adjacent end of the shank 51 is a disk member 
53 formed, for example, from sheet metal and provided 
with a downwardly extending peripheral ?ange 54. 
Formed in the ?ange are a plurality of notches 55, the 
construction illustrated employing six such notches, 
which open on the free-peripheral edge of the ?ange, 
with the intermediate portions of the latter seated on the 
adjacent face of the wall 46. The latter thus cooperates 
with the notches in the ?ange to de?ne openings 
adapted to discharge liquid on and along the adjacent 
face of the wall 46. As illustrated, the shank is of hollow 
construction having a bore 56 therein, with the side 

' walls of the shank adjacent the member 53 having one 
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or more ports or openings 57 therein whereby liquid 
may ?ow from the interior of the shank outwardly into 
the chamber, de?ned by the member 53 and the wall 46, 
with such liquid thus being discharged through the slots 
55. If desired'the bottom end of the shank 51 may be 
provided with similar openings 57' for the ingress of 
liquid and/or air into the jet structure, and as illustrated 
may be beveled at its lower end. 
The modi?ed jet structure illustrated in FIG. 9, com 

prises a hollow or tubular shank 51, likewise provided 
with screw threads on its exterior face, with such shank 
extending through cooperable opening 46' in the plate 
46 and engaged with mating threads formed on the side 
walls de?ning the opening and locked in position by 
lock nut 52. The upper end of each jet is provided with 
an enlarged integrally formed head 53', which, for ex 
ample, may have a hexagonal or octagonal peripheral 
con?guration, that illustrated being provided with six 
side walls 54'. The head 53’ is provided with a plurality 
of radially extending bores 57’-' which communicate at 
their inner ends in the bore 56 of the shank 51' and at 
their outer ends open on a respective wall 54', whereby 
in the example illustrated, six such bores are provided. 
The head‘53’ is also provided with a like number of 
bores 58, the axes of which extend substantially parallel 
of the shank 51' with the upper ends of each of such 
bores intersecting an associated bore 5 ", and the lower 
ends of each of such bores opening on the annular 
shaped bottom wall 59 of the head. 
Disposed in the intermediate portion of the tertiary 

unit and extending, for example, from the wall 46 to 
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somewhat above the grid 35 is a plurality of layers, 
Ll-LS, of ?ltering and adsorption materials. In the spe— 
ci?c embodiment illustrated, there are provided a plu 
rality of layers Ll-L4 of mineral, for example red ?int, 
the layers being graded in size with the largest at the 
bottom and the smallest at the top, which layers form a 
?ltration bed, on the top of which is disposed an adsorp 
tion layer L5 comprising a hydraulic mix of activated 
carbon and quartz, details of which will be subsequently 
discussed under the head “Operating Parameters”. 

STORAGE SYSTEM FOR RENOVATING 
WATER 

FIGS. 3 and 6 also illustrate schematically details of 
the storage system for the renovated water to be utilized 
in the regeneration of the system. 
As illustrated, the reservoir 3 comprises a generally 

rectangular tank 61 disposed to receive the effluent 
from the tertiary treatment unit 2 over the supply line 8, 
excess effluent, following ?lling of the tank 61 to a 
desired level, being discharged through the outlet line 9 
communicating with the tank. The line 11 for conduct 
ing renovated water from the tank 61 to the chamber 47 
of tertiary unit is operatively connected with the dis 
charge side of the submersed pump P4 in the tank 61, 
the inlet of which pump opens on the tank interior. The 
pump P4 may include a self-contained float switch, or 
the like, for deenergizing the pump when the liquid 
level in the tank drops to a predetermined level. 
The tank 61 is also provided with an electrical heat 

ing unit, indicated generally by the reference numeral 
62, (FIG. 6) through which renovated water in the tank 
is adapted to be circulated by means of a suitable pump 
P5 having its inlet opening communicating with the 
lower portion of the tank and its discharge opening 
connected by a line 63 to heating unit 62 with the reno 
vated water, following passage through the heating unit 
being discharged through the outlet pipe 64 thereof. 
Thus by actuation of the heating element 62 and opera 
tion of the pump PS the renovated water in the tank 61 
may be brought up to a suitable temperature, for use in 
connection with the reactivation or regeneration of the 
material of the tertiary treatment system. 

TERTIARY REGENERATION 

In the embodiment of the invention illustrated, the 
tertiary structure 2 is adapted to have the ?lter and 
adsoprtion beds Ll-LS thereof perdiocally regenerated, 
for example between each pump down cycle from the 
primary-secondary structure. Such regneratiou is ef 
fected by the use of a regenerating gas, for example air 
under pressure, and water, with the latter preferably 
being suitably heated. Where air is employed, such air 
may be supplied from a compressor C1, having suitable 
capacity as to voluem of air and pressure, while the 
water, employed at least in part as a flushing medium 
preferably makes use of renovated water which is accu 
mulated, preferably heated, and stored, until time of use, 
in the reservoir 3. 
As previously described with respect to the tertiary 

unit, the air line 13 from the compressor C1 is opera 
tively connected with the inlet 48 of the tertiary unit 
over a check valve CV3, which permits passage of air 
through the line 13 but prevents a reverse flow of water 
therein when air is not being supplied to the unit. Like 
wise, the water from the tank 61 is supplied to the ter 
tiary inlet over line 11 and check valve CV2, with the 
rate of flow through the line 11 being determined by the 
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setting of the manual flow-control valve FVS. As here 
ina?er discussed in detail under the heading “Operating 
Parameters”, while the flow of air and water through 
the tertiary unit may be variously selected, excellent 
results have been obtained when only air in suitable 
volume and under suitable pressure is initially passed 
through the tertiary unit for a predetermined period, 
followed by a combined flow of air and water there 
through, and ?nally by a ?ush with water only. 

In general, the volume, pressure and duration of the 
air flow during the initial flow of only air should be 
such that the beds of the tertiary unit will be expanded 
sufficiently to insure satisfactory exposure of all parti 
cles of the beds to the regenerative satisfactory expo~ 
sure of all particles of the beds to the regenerative ac 
tion of the air and water, but insufficient to materially 
effect the layer distribution of such particles. It will also 
be noted that a chamber is provided above the beds, i.e. 
between the top of the adsorption bed and top 33, for 
mign what might be termed a “regeneration chamber” 
in which the material is renewed by subjection to the 
oxidizing action of the air and water. 

After passing through the tertiary unit materials with 
entrained purging air and water is returned to the pri 
mary-secondary chamber 21 over valve V3 and line 12. 
It will be appreciated that the regenerating operation 
must fully remove all material accumulated in the ter 
tiary unit, as a result of the ?ltration and adsorption 
processes, with suf?cient flushing water being em 
ployed to insure that the effluent at the discharge side of 
the tertiary unit, a?er regeneration, is of the same qual 
ity as the normal output effluent from the system, i.e. 
that all impurities are effectively removed from the 
tertiary unit during regenerating process. If this were 
not the case, the regenerating cycle being insufficient to 
fully purge the system, a build-up would take place in 
the tertiary unit necessitating periodic shut-down and 
cleaning or replacing of the materials. 

In review, the regenerating water flow thus takes 
place during operation of the pump P4,‘ with the flow of 
water being controlled by the flow valve FVS, the 
water passing over line 11 and check valve CV2 into the 
tertiary unit and discharged therefrom over line 12 and 
valve V3 to the primary-secondary unit. 

It will thus be appreciated that the regeneration cycle 
is, in effect, a re?ex operation in which the purged 
materials are recycled and thus further reacted upon 
biologically in the primary-secondary treatment. 

CYCLIC OPERATION OF THE SYSTEM 

As previously described, the system may be operated 
in cyclic manner, for example, in repetitious cycles of 24 
hours each with the operations being coordinated with 
the normal use of the system. 
A typical, and believed preferably cycle of operation 

for use with the system illustrated is diagrammatically 
presented in FIG. 10. In this ?gure the cycle is graphi 
cally illustrated, for convenience as a straight line chart, 
vertically orientated but it will be appreciated that it 
would be more accurately depicted as a closed circle 
with the top and bottom lines, representing 12:00 A.M., 
superimposed. ' ‘ i ' ~ 

Referring to the‘ chart, it will be noted that from 
approximately 5:40 A.'M. to the following 2 A.M., a 
period of 20 hours, 20 minutes, aeration takes place in 
the primary-secondary chamber 21, during which time 
approximately 500 gallons of incoming sewage may be 
received into the chamber over the line 4, valve VI in 
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such line being open to permit such operation. Valves 
V2 and V3 are motorized units and preferably are wired 
for simultaneous operation with ports being reversed, 

. i.e. V2 open when V3 closed and vice versa. Conse 
quently, the valves will be set from the last pump-down 
cycle, i.e. V2 open and V3 closed. During this opera 
tion, pump P1 is inoperable so that no effluent will flow 
from the primary-secondary chamber to the tertiary 
unit 2, although valve V2 is open and valve V3 closed. 
From approximately 5:40 A.M. to 1:00 A.M., the heater 
62 will be energized and the circulating pump P5 actu 
ated (it being assumed that an intermediate cycle of 
operation is involved in which the reservoir 3 has been 
?lled with renovated water during the preceding cy 
cle.) 
Thus referring to the diagram, at 5:40 A.M. incoming 

sewage may discharge through valve V1 and line 4 into 
the primary-secondary chamber 21, and simultaneously 
therewith blower B will be actuated to supply aeration 
in such chamber, heating unit 62 will be energized and 
circulating pump P5 actuated to effect a circulation and 
heating of water in the tank 61. 
At the following 12:00 A.M. feeding of chemicals to 

the primary-secondary chamber 21 may take place over 
pump P3 and lines 10 and 10b, such chemical feeding 
taking place in the example illustrated for a period of 
approximately ?ve minutes, i.e. to 12:05 A.M. 

Heating of the renovated water in the reservoir 3 
continues to take place until 1:00 A.M. At this point 
valve V3 is opened, valve V2 closed, and compressor 
C1 actuated whereby air will ?ow in line 13, through 
check valve CV3 and discharge ring 60 into the cham 
ber 47, with such air ?ow being at a suitable volume, 
suitable pressure and for suitable duration, as hereinaf 
ter- discussed under the heading “Operating Parame 
ters”. Such air will tend to lift or expand the ?ltration 
and adsorbent beds in the tertiary unit, with excessive 
movement of the bed materials being prevented by the 
grid 35. However, the air will suf?ciently expand the 
beds as to insure a permeation of air and subsequent 
water ?ow throughout the bed structure, resulting in a 
regenerating, oxidizing action of all materials accumu 
lated therein. At the end of the initial air regeneration 
phase the pump P4 will be actuated, operative to pump 
the heated water through line 11, ?ow valve FVS and 
check valve CV2 into the chamber 47 of the tertiary 
unit, up through the ?ltration and adsorption beds along 
with the continued air ?ow, and discharged through the 
valve V3 and line 12 into the primary-secondary cham 
ber. The combined air-water ?ow will continue for a 
predetermined period, followed by predetermined per 
iod of only water ?ow, sufficient to insure a complete 
?ushing of the tertiary unit at the end of the regenera 
tion period will be of equal quality with the normal 
output effluent from the system. In the example illus 
trated in FIG. 10, the regeneration period, illustrated in 
exaggerated form, may be approximately 20 minutes, 
with the air and water discharged from the tertiary unit 
likewise being returned over the valve V3 and line 12 to 
the primary-secondary unit. At the end of the regenera 
tion cycle, i.e. approximately 1:25, pump P4 is deactu 
ated, for example by an internal ?oat-switch incorpo 
rated therewith. 

Aeration continues to take place, in the example illus 
trated, until 2:00 A.M. until which time the blower B is 
deactuated and valve V1 closed. Any incoming sewage 
thereafter is retained in holding tank 6 while a second 
ary settling periodtakes place in the chamber 21. This 
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continues, in the example illustrated, for a period of 3 
hours until 5:00 A.M. at which time valve V2 is opened, 
valve V3 closed and pump P1 in the chamber 21 actu 
ated, thereby pumping effluent in the chamber 21 
through line 7, check valve CV1 and flow control valve 
FVl into the tertiary unit, with the ef?uent from the 
latter being discharged through line 8 and open valve 
V2 into the tank 61 for renovated water. When the 
water in the latter reaches its original level any excess 
thereover will be discharged through the line 9 and may 
be utilized for any suitable purpose, or collected in a 
suitable holding tank for subsequent use. Simulta 
neously, with the actuation of the pump P1, the pump 
P2 is actuated to feedchemicals through lines 10 and 
10a to line 7 so that additional chemicals are supplied to 
the effluent being conducted to the tertiary unit. In this 
case, the feed of chemicals into the line 7 will be propor 
tionate to the effluent flow so that the pump P2 will be 
actuated throughout the period of actuation of the 
pump Pl. . 

At the end of the pump-down phase the valve V1 will 
be opened, permitting discharge of any accumulated 
sewage in the tank 6 to enter the primary-secondary 
chamber 21 and any subsequent sewage ?ow to pass 
directly into such chamber. Likewise, the heating unit 
62 in tank 61 will be energized and circulating pump P5 
actuated to begin the renovated water heating phase. 
Simultaneously with the latter, the blower B will be 
actuated, thereby again initiating aeration in the pri 
mary-secondary chamber 21, with aerobic-chemical 
oxidation continuing for the remainder of such new 
phase, i.e. until the next settling phase. The apparatus 
thus starts the repetition of another 24-hour cycle of 
operation. 

It will be appreciated that the operation may be con 
tinuously automatic requiring no manual attention 
whatsoever, the only maintenance being required being 
that of periodically replenishing the supply of chemicals 
in the tank CS. The chemical materials may be so pro 
duced that the tank CS will be adequate for at least 
between 30 and 60 days operation of the system, so that 
suitable maintenance programs may be readily supplied 
to the purchaser of such a unit. 

CHEMICAL TREATMENT 
The general method employed and apparatus utilized 

in the practice thereof‘, together with the mechanical 
operation of such apparatus has been previously dis 
cussed. The chemicals and chemical treatment em 
ployed in the practice of the invention will now be 
described. 
However, before discussing such chemical treatment, 

it is believed desirable to brie?y review the chemical 
materials, procedures and'concepts involved in known 
treatments of raw water and sewage. 
The use of coagulants in water puri?cation has been 

a standard procedure for many years, the reaction with 
the coagulant to produce the'desired floc in the puri?ca 
tion of raw water often, where feasible, making use of 
the natural alkalinity of the water to produce the de 
sired floc. The desirability of control of pH has been 
recognized over the years and where necessary addi 
tional acidic or alkaline materials have been added in an 
effort to effect a control of pH to the value most suitable 
for ?occulation. 
However, in the past, the teaching with respect to 

sewage treatment and the use of coagulants has quite 
consistently been that the coagulant and alkali should 
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not be premixed but should be added in separate stages 
to avoid the addition of prereacted ?oc to the sewage, 
and it has been stated that in such case both colloid and 
color removal will be substantially nil. It, therefore, has 
been deemed essential to separately introduce the coag 
ulant and alkali in separate vessels whereby the actual 
formation of floc would take place in the main body of 
water. 
More recently, the importance of zeta potential also 

has been recognized and in particular, the necessity of 
having the zeta potential in the vicinity of zero, particu 
larly —5 to +5 if optimum ?occulation is to be 
achieved. 

In recent years with the high use of detergents and 
the like containing phosphates, the problem of phos 
phate removal has also increased in importance, and 
adequate reduction of the phosphate content in sewage 
water must also be taken into consideration. 

Likewise, polyelectrolyte coagulant aids have more 
recently been employed in connection with water clari 
?cation processes and in generally, involve electrolytic 
activity although the terms as currently used includes 
naturally occurring organic flocculants, many of which 
function solely through hydration. Polyelectrolytes 
may be classi?ed as anionic, cationic or non-ionic in 
dependence upon the charges appearing in solution, 
non-ionic having both positive and negative charges 
present. At the' present time the mechanisms of such 
aids are not completely understood and are currently 
undergoing extensive research. It would appear that the 
most dependable tool in studying and determining coag 
ulation processes and efficiency is still the well-known 
jar test, which might be deemed “trial and error” tests, 
i.e., empirical studies as distinguished from theoretical 
or calculated studies. 
While the overall results of the present invention 

involve a combination of steps, purely physical, as well 
as biological-chemical treatment, etc., the success of the 
invention is also the result of what may be deemed and 
is believed to be a major breakthrough in water puri?ca 
tion processes with respect to the physio-chemical con 
cepts involved and the ability to provide a single chemi 
cal material having all necessary chemicals in proper 
proportion to achieve the desired results. The invention 
thus enables the practice of an extremely simple chemi 
cal treatment to complement the extremely simply 
physical processes employed, utilizing correspondingly 
relatively extremely simple physical structures, which 
for example, may employ merely two stages, i.e., two 
vessels, one involving the primary and secondary treat 
ment and the other the tertiary treatment as distin 
guished from the customary practice of employing a 
relatively large number of vessels each having a respec 
tive function and usually involving its own operational 
and chemical steps. The ability to employ a single 
chemical material also contributes to the objective of 
producing a completely automatic system requiring no 
monitoring thereof and thus no attendant personnel. 
The present invention also demonstrates the com 

plete feasibility of introducing prereacted ?oc to sew 
age, i.e., the resultant of an aqueous mixture of suitable 
coagulant and alkaline material reacting therewith, or 
the equivalent thereof, to produce the desired ?oc, with 
the material of the present invention also including, if 
desirable, material for phosphate removal, and an ag 
glomeration-promoting material such as a suitable poly 
electrolyte. 
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The material of the present invention thus involves, at 

time of use, an aqueous mixture of a plurality of func 
tional materials, i.e., a coagulant and an alkaline mate 
rial reactive therewith to produce a ?oc, or its equiva 
lent, an agglomeration-promoting material, and a phos 
phate precipitating material, with the ?oc thus being, in 
effect, prereacted in the mixture prior to introduction 
into the receiving effluent. 

It will be appreciated that the speci?c proportions of 
the various materials will, of necessity, depend upon the 
character of the sewage being treated, and the broad 
range of amounts of the respective materials must be 
generally established in terms of their functions in the 
sewage in which they are introduced. It is believed 
apparent that in substantially any system, the amounts 
of phosphates, suspended solids and colloidal material 
as well as the pH range, will tend to approach normal or 
average values for the speci?c system, as well as rela 
tively readily ascertainable peak levels, from which 
?gures the necessary quantities of the most suitable 
chemical materials may be relatively easily initially 
estimated or computed, following which physical tests 
may be run to provide a ?nal check out of the selected 
proportions and insure optimum results. 

Likewise it will be appreciated that as the material 
involves an aqueous mixture, the amounts of the various 
components may be simply resolved in terms of 
amounts per liter of effluent to be treated. 

It will also be apparent that while, in many instances, 
it may be preferable to employ the same material for 
both phosphate removal and the formation of ?oc, an 
other suitable material could be employed for phos 
phate removal, particularly where a predetermined 
adjustment of pH is involved. However, from a practi 
cal matter the use, where possible, of the same material 
for both simpli?es the preparation, enabling the pur 
chase of only the one material, in greater quantities, and 
possibly lower cost, and further, may involve less com 
plex ‘reactions. 
The proportions, assuming the use of the same mate 

rial for both phosphate removal and ?oc formation, 
may be generally set forth as follows: the coagulant will 
be initially present in an amount sufficient for reaction 
with all of the reactionable phosphates present in such 
water, i.e. those capable of being precipitated out of 
solution. In addition, a further amount of coagulant is 
provided to supply sufficient ?oc for the efficient re 
moval of substantially all suspended and colloidal mate 
rial in the sewage, and where required, the alkaline 
material would initially be present in an amount suffi 
cient to react with [such further amount of coagulant 
adapted to provide a pre-reacted floc. The agglomera 
tion-promoting material should be present merely in an 
amount sufficient to insure the desired improved ag 
glomeration. 
The respective totals of each of such materials may be 

limited to substantially that providing reasonable ex 
cesses thereof consistent with insuring the presence of 
adequate amounts thereof to accomplish the respective 
speci?ed purposes as too much chemicals can produce 
adverse affects, particularly among others with respect 
to pH and zeta potential. 
The invention thus enables the practice of a very 

simple method of chemically treating water, particu 
larly that containing sewage wastes, in connection with 
the puri?cation thereof, and in particular the removal of 
phosphates and suspended and colloidal materials, in 
which the coagulant and any required alkaline reactive 



4,209,396 
material are, in effect, simultaneously introduced into 
the ef?uent, along with the agglomeration promoting 
material, with the proportions of the respective materi 
als thus being suf?cient to remove substantiallyall reac 
tionable phosphates present in the water, together with 
the removal of all suspended and colloidal material by 
means of the ?oc provided, and very effective and rapid 
agglomeration being achieved by the inclusion of the 
agglomeration-promoting material, following which 
the precipitated and agglomerated materials may there 
after be removed from the ef?uent, for example, by 
settling, ?ltration and adsorption steps. 
As previously mentioned, considerable work has 

heretofore been done in connection with polyelectro~ 
lytes and it is believed that it is unnecessary to go into a 
detailed discussion with respect thereto. However, 
while it is possible that other polyelectrolytes may be 
employed, we have found that excellent results can be 
achieved by the use of a synthetic, high molecular 
weight (1 million and up) acrylamide copolymer. Such 
polyacrylamide, which is essentially non-ionic in solu 
tion, has a formula, the general structure of which is as 
follows: 

The polyacrylamide is essentially non-ionic in solutions 
because of the preponderance of amide groups, al 
though a small portion of the amide groups are usually 
hydrolyzed to anionic carboxyl groupings. As herein 
utilized, the polyacrylamide results in the formation of 
strong bonds when the colloidal floc is adsorbed on the 
mixed bed of the tertiary adsorption ?lter. 
The exact mechanism of such bridging action is un 

known, but is suspected to be a chemical reaction. It has 
been found to be particularly effective when operating 
with a zeta potential between ——5 to —l3, and when 
operation at 0 to —5 zeta potential the polyelectrolyte 
makes up for de?ciencies due to rapidly changing sew 
age conditions. Color bodies would appear to be best 
adsorbed and ?ltered at 0 ZP with properly designed 
?lter adsorption media such as herein provided. Liquid 
solid adsorption techniques within the Gibbs theoretical 
approach (particularly those of high suspended solids 
content) is of greatest importance in sewage treatment 
processes. The range of strong agglomeration, precipi 
tation and ?ltration takes place at a zeta potential of + 5. 
The zeta potential, and thus the colloid stability of elec 
trostatic colloids is a function of the valence, type and 
concentration thereof. Consequently, as the polyacryl 
amide is non-ionic it will not effect the zeta potential 
and will thus permit the same to remain at an effective 
value. ' 

As previously mentioned, conceivably, dependent 
upon operating conditions and the end results desired or 
tolerable, coagulants and reactive materials commonly 
employed, i.e. sodium aluminate, sulphates of aluminum 
and iron, and ferric chloride may be employed, together 
with a suitable alkaline reactive material for those other 
than the aluminate, at least in accordance with some of 
the features of the invention. Consequently as the alumi 
num compounds, i.e. sodium aluminate and aluminum 
sulphate appear to offer the greatest advantages over 
the others, eliminating possible complications with re 
spect to color in the ?nal ef?uent andother problems 
with respect to pH control and zeta potential, as well as 
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achieving relatively poor results particularly with re 
spect to excessive and intolerably increasing agglomera 
tion' times required, and possibly complicating the 
chemical reactions, sodium aluminate and aluminum 
sulphate present the least problems and provide the 
greatest universality of use, in view of which the others 
may‘ in most cases advantageously be dropped from 
consideration. In particular it would appear that the 
aluminum comounds are especially suitable, for supply 
ing the desired ?oc and thus it would appear that substi 
tution of the other coagulants would preferably be lim 
ited to inclusion for phosphate precipitation. Again, in 
this connection, it should be kept in mind that the use of 
an iron salt may involve resoluble ionization through 
anaerobic digestion, particularly ferrous sulphate, and it 
would appear that of this group ferric chloride probably 
is preferable. Likewise, if phosphate removal, color and 
long agglomeration times are not of major importance, 
such coagulants might be employed, at least as a part of 
the supply of prereacted ?oc. It would, however, ap 
pear desirable, if not necessary in most applications 
utilizing the type of apparatus illustrated, for the 
achievement of the desired substantially instantaneous 
?occulation and agglomeration, to employ at least a 
percentage of aluminum sulphate or sodium aluminate. 
Consequently, it would appear to be the most simple 
and efficient solution to normally limit use to either or 
both of these materials. 

Again, consideration of the effect on the pH must be 
taken into consideration, to insure that the selected 
combination of materials will not adversely affect the 
pH. While pH at least theoretically could be corrected 
by the addition of suitable correcting agents, obviously, 
in most cases it will be preferable to employ a coagulant 
which will have a bene?cial effect on the pH without 
the necessity of adding additional materials solely for 
such correction. 

In this connection, studies have been made with the 
common ?occulents and if necessary, cooperable alka 
line reactive agents, to determine the most effective 
materials for use in the practice of the invention, specifi 
cally alum (Al2)SO4)3. l4H2O), sodium aluminate 
(Na2Al2O4), ferrous sulphate (FeSO4. 7H2O), ferric 
sulphate (Fe2(SO4)3), and ferric chloride (FeCl3)x. In 
addition, with the exception of sodium aluminate, an 
alkaline reactive agent is normally employed with the 
others, alum usually involving the use of calcium bicar 
bonate (Ca(I-ICO3)2), sodium carbonate (NazCOg) or 
calcium hydroxide (Ca(OH2); calcium hydroxide with 
ferrous sulphate; and calcium bicarbonate or calcium 
hydroxide with ferric sulfate or ferric chloride. 
On the basis of such studies it is believed that the 

aluminum compounds are preferable over the others for 
the following reason: 
1. The aluminum ion is colorless and its compounds are 

usually white, whereas ferric and ferrous ions of yel 
low. and green, respectively, form colored com 
pounds. 

'2. Aluminum presents no interference with biological 
nitri?cation or carbon and solids removal. 

3. Mixed sludge presents better settling charateristics in 
the mixed liquor than either biological sludge or alu 
minum hydroxide ?oc alone. 

4. Aluminum phosphate precipitate retains its identity 
through anaerobic digestion and is not resolubilized, 
i.e. reduced supernatant phosphorous recycle, as 
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phosphorous is not released fromm aluminum precip 
itate duriing anaerobic digestion. 

5. Relative ease of handling and mixing of materials, as 
well as stability thereof. ' ' . 

6. Use of alum and alkaline agent, and/or sodium alumi 
nate provides simple control of pH, eliminating use of 
additional materials therefor, and simultaneously pro 
vides the same metal ion. 

7. Enables use of minimum number of material with 
greater quantity and less cost. 

8. Iron compounds are most effective for phosphorous 
removal at the undesirable low pH of 4.5 to 5.0 for 
ferric compounds, and the undesirable high pH of 8 
for ferrous compounds, while aluminum compounds 
perform effectively closer to 7. The use of aluminum 
compounds thus enables effective control of pH and 
zeta potential without the use of additional materials, 
included solely to adjust the pH. ' 

9.}The aluminum compounds provide large surface area 
of the chemical-biological floc, for effective adsorp 
tion to the ?oc surface and coagulation of ?ne precip 
itated particles. 
In view of the above, detailed discussion of chemical 

materials, and the amounts thereof in the practice of the 
present invention, will be limited to the two most pref 
erable, aluminum sulphate and sodium aluminate, and 
where aluminum sulphate is employed as the floc-form 
ing coagulant, sodium carbonate (soda ash) will be em 
ployed, illustratively, as the alkaline reactive agent (par 
ticularly for ease in handling). Likewise, amounts will 
be based on a plant having approximately 5(1) gal/day 
capacity with non-industrial raw sewage having an 
approximate constituent composition range as follows: 

Table l 
Constituent Concentration mg/l 

BOD5 - 20’ C. 115-425 
pH 6.7-7.6 
Suspended solids 165-895 
Settleablc solids ml/l/hr. 10-20 
Phosphorous as P04 12-18 

Based upon such a system and sewage composition, 
utiliing aluminum sulphate and soda ash, with the total 
amounts being introduced into the effluent in the man 
ner previously described excellent results have been 
obtained with the following proportions: 

Aluminum sulfate 
Soda ash 
Polyelectrolyte 

250 mg/l 
:20 mg/l 

As previously mentioned, preferably a portion of the 
chemicals are introduced into the primary-secondary 
chamber 21, preferably just before the initiation of the 
settling period with the remaining quantity being in 
jected during the pump-down cycle. 

Studies have indicated that for a system of this capac 
ity with average, non-industrial sewage, the proportions 
of the chemical constituents would normally range 
between the following dependent of course on the char 
acter of the sewage: 

Aluminum sulphate 2(1) mg/l to 350 mg/l 
Soda ash 90mg/l to 150 mg/l 
Polyelectrolyte 0.5 mg/l to [0 mg/l 
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In the event that. a low initial pH of the sewage is 

involved, it would normally be desirable to employ 
sodium aluminate instead of the aluminum sulphate for 
at least a ‘part of the latter, in which case the overall 
ranges would be as follows, (keeping in-mind that the 
proportions of sulphate and aluminate would vary in 
versely and that the presence of soda'ash would vary in 
accordance with the amount of sulphate utilized for floc 
formation): ‘ 

Aluminum sulphate 0-350 mg/l 
Soda ash 0-l50 mg/l 
Sodium aluminate 150- 0 mg/; 

0.5- 10 ing/l Polyacrylamide 

Where no aluminum sulphate is employed, excellent 
results have been obtained with effluent having a pH on 
the order of approximately 5.5 with the following. 

Sodium aluminate _ 

Polyacrylamide 
1(1) mg/l 

1 mg/l 

Where intermediate pH values are employed, various 
combinations employing both aluminum sulphate and 
sodium aluminate have proved effective. FIG. 11 is a 
graph illustrating in line a the effect of various combina 
tions of the two coagulants, together with curve b for 
sodium aluminate alone. Superimposed on this graph is 
a line 0 representing the relative effect of aluminum 
sulphate, soda ash and polyacrylamide, without sodium 
aluminate. The latter curve of course is not plotted on 
the abscissa in parts of sodium aluminate, but rather, 
theoretically in parts of aluminum sulphate. It is in 
tended to show merely that with an initial pH between 
6.5 and 7, the combination of alum 250 mg/l, soda ash 
120 mg/l and polyelectrolyte 1 mg/l, the pH is raised to 
between 7 and 7.1. 
The curve for the combination of both'aluminum salts 

is reasonably accurate for ranges of alum between 25 to 
150 mg/l, soda ash between 10 to 75 mg/l, and polyelec 
trolyte of 1 mg/l. . 
No need is seen to include speci?cljamounts when 

other alkaline reactive agents are employed as, in gen 
eral, equivalent mole amounts thereof may be substi 
tuted for the sodium carbonate. 
While the other coagulants are usable in varying 

degrees and under varying conditions, their effective 
ness, as compared with aluminum salts, is such as to 
make it practical to rely on the latter. It would appear 
that the use of the other coagulants is primarily depen 
dent upon special cases involving unusual combinations 
of pH and waste contaminants, but where any of the 
disadvantages, previously discussed, are not critical, i.e. 
color, undesirable optimum pH, resolubility, long per 
iod for ?occulation, etc., some of the advantages of the 
present invention may be derived by their use, provided 
the conditions are such that the desired pH and zeta 
potential controls are achieved when the components 
are present in suitable quantities to provide adequate 
?oc and phosphate precipitation._ No figures can be 
given in this respect as substantially every situation will 
have to be resolved on its. own facts and conditions. It 
might be mentioned, however, that by proper selection 
of materials, together with additions of aluminum coag 
ulants, a suitable pH control, etc. may, in atleast some 
cases, be effected. However, if this is necessary, it 
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would appear much more advantageous to initially 
employ the aluminum coagulants. 

EXAMPLES OF CHEMICAL MATERIALS 

22 

EXAMPLE 4 

FeCl .6 H o 107 /1 
As a basis for use of such materials the following 5 cawsmz Z 43 nigh 

examples are given, primarily on the basis of ?occula- Polyelectrolyte 1 mg/l 
tion, without consideration of all the variables previ 
ously discussed as to pH, zeta potential, phosphate re- Results 
moval and resolubility, or possible disadvantages with 1 ' . . . . 

. . 1o . Relatively thin ?oc formed in two minutes, thereaf respect to color, slow flocculatlon, etc. In general iron ‘ tart d t m 
salts, when utilized without additional aluminum salts, 2 5:15 I? 0 561 ea _ , 
provide .such slow ?occulation that from a practical 3' F e'lye ow co ore preclpltate' 
standpoint consideration of their use in conjunction ' ma PH 5'9 
with the present type of system may be limited to a 15 EXAMPLE 5 
discussion of combinations with such aluminum salts. 

All of the examples utilized a polyacrylamide and 
secondary effluent for the test sewage, having the fol- FeCl3 - “I20 107 mg/l 
lowing composition: ‘ cawml 43 "18/1 

Na2Al2O4 . 31-120 50 mg/l 
2O Polyelectrolyte 1 mg/l 

(1) Total solids I310 mg/l 
(2) Settleable solids ml/l/hr. Trace _ 
(3) Suspended solids 12.0 mg/l Results' , _ 
(4) pH value 6,4 l. Floc formed in one to two mlnutes, thereafter 

2:; 20115;?‘ g,‘ 25 started to settle. 
ota osp ate . m _ 

(7) Turbmty run 17. 2. Pale yellow colored ?oc. 
(s) Alkalinity, Total as CaCO3 mg/l lo. 3- Fl?al PH 7-1 

The following examples of various combinations of 
aluminum salts and/or alkaline reactive agents are pres 

EXAMPLE 1 30 ented for illustration and comparison, if desired, with 
the above examples. 

FeS04. 71120 197.5 mg/l EXAMPLE 6 
Ca (OH); 52.5 mg/] 
Na2Al2O4 . 3H20 50.0 mg/] 

Polyelectrolyte 1.0 mg/] 35 N82 A12 04 _ 3H20 100. mg/l 
. Polyelectrolyte 1. mg/l 

Results: 
1. Relatively thin floc formed in ?rst two minutes, Results. 

2 tgereafter itarted to s_et_tle' 40 l. Floc formed in less than one minute, grew in size in 
3‘ FFT1ge;°7‘;'e7d3P‘e°‘P1me- next minute and thereafter started to settle. 

‘ m p ' _ ' 2. No color. 

EXAMPLE 2 3. Final pH 7.7. 

45 EXAMPLE 7 
Fe2(SO4)3 . 21-120 67 mg/l ' 
Ca(OA)2 33.4 mg/l 
M1604); . l4l-l20 100. mg/l A12 (504); . l4 H20 250. mg/l 
Polyelectrolyte l. mg/l Na(OH) 100. mg/l 

0 Polyelectrolyte 1. mg/l 
5 

Results: 
l-. Relatively thin floc formed in two minutes, thereaf- Results: 

ter started to settle. 1. Floc formed in one minute, started to settle in next 
2. Orange-yellow colored precipitate. minute. 
3. 55 2_ No colon 

EXAMPLE 3 3. Final pH 6.9-7.0 

‘ EXAMPLE 8 

Fe2(SO4)3 . ZHZO 67 mg/l 
Ca(OH)2 33.4 mg/l (,0 
Alz(so4)3 _ “H20 ‘00. mg/l Na2AlZ03 . 3 H20 50. mg/l 
Polyelectrolyte 1. mg/l Al2(so4)3 ~ 14 H20 50- "'lg/l 

Results: Results: 
1. Relatively thin ?oc formed in two minutes, thereaf- 65 

ter started to settle. 
2. Orange-yellow colored precipitate. 
3. Final pH—6.0-6.l 

l. Floc formed in one to two minutes, thereafter 
started to settle. 

2. No color. 
3. Final pH 6.6-6.7 
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EXAMPLE 9 . 

Al2(SO4)3. 14 E20 250. mg/l 
Ca(OH)2 100. mg/l 
Polyelectrolyte 1. mg/l 

Results: 
1. Floc formed in one minute started settling in next 
minute. 

2. Floc size and settling rate good. 
3. No color. 
4. Final pH 6.5-6.6 
The following tabulated examples illustrate pH con 

trol utilizing various combinations of aluminum salts, 
employing the same sample ef?uent as the previous 
examples but with pH previously adjusted to 5.5, and 
illustrate the control of pH with different proportions of 
such salts. 

EXAMPLE 10 

Cone. mg/l 

Al2(S04)3 . 14 A20 25 50 100 150 
NagCO; 10 25 5O 75 
Polyelectrolyte 1.0 1.0 1.0 1.0 

pH values 

Final pH with 50 mg/] 6.5 6.5 6.5 6.5 
following additions of ( 100 mg/l 6.8 6.7 6.7 6.8 
Na2Al204 . Ill-I20 150 mg/l 7.3 7.3 7.3 7.3 

Cumulative Results: 
1. Floc formed in ?rst thirty seconds to one minute, 
grew in size and settled in one to two minutes. 

2. No color. 
3. Most ?oc settled in three to ?ve minutes. 
While examples of iron sulphate omitting aluminum 

salts, have not been illustrated, as their characteristics 
would normally permit use primarily in extremely lim 
ited situations, it is believed that the expert in the ?eld 
would have no dif?culty, in the light of the present 
teachings to resolve their use in such situations. How 
ever, calculated compositions should be con?rmed by 
empirical studies, as is common practice in this ?eld. 

It might be mentioned that calcium hydroxide theo 
retically could be employed as the ?occulant. Combina 
tions of 100-250 mg/l with 1 mg/l polyelectrolyte have 
proved very ef?cient from the standpoint of ?oc forma 
tion, and when introduced into ef?uent samples as ini 
tially set forth, resulted in very rapid ?oc formation and 
settling action but with a ?nal pH of 8.2-8.5. However, 
as P04 removal is dependent on PH and lime requires an 
optimum pH of 95-11 for such removal, the use of line 
normally would not be practical for phosphate removal, 
as it would in all probability be necessary to initially 
adjust the pH upward, for example, by the addition of a 
large amount of lime, and then subsequently reduce the 
pH by an acidic agent to a suitable value for ultimate 
discharge. 

PREPARATION OF CHEMICAL MATERIAL 

As previously mentioned the chemical material, as 
used in the apparatus described, is an aqueous mixture 
of one or more coagulants, an alkaline material, if neces 
sary, and a polyelectrolyte. In preparing the material, 
assuming that the system involved has a 500 gallon per 
day capacity, and the material is to supply 250 mg/l of 
alum, 120 mg/l soda ash and 1 mg/l polyelectrolyte, 
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such quantities of material may be readily prepared, for 
example, to provide three liters of liquid material, 
whereby the supply to the ef?uent being treated would 
be at a proportional rate of 6 cc per gallon of ef?uent. 
To provide this ratio the three liters would contain 1.9 
grams of polyelectrolyte, 1.05 pounds of alum and 0.455 
pounds of soda ash. 
The material may be readily prepared by taking two 

volumes of water the total of which is less than three 
liters and introducing the alum in one volume and the 
soda ash in the other, with the two solutions thus pre 
pared being mixed together with an accompanying 
formation of floc. The polyelectrolyte is then intro 
duced thereto and additional water added to bring the 
total to three liters. 6 cc of such material would then 
provide the desired amounts of alum, soda ash and poly 
electrolyte per liter of ef?uent. The amount of water 
employed in the preparation of the material is not criti 
cal and preferably is kept as low as practical, consistent 
with bringing the respective constituents into solution, 
effect formation of the desired ?oc and enable suitable 
feeding. At the same time, it will be appreciated that as 
the chemicals are preferably supplied to the system in 
quantities to last a reasonably long period of time for 
example 30 to 60 days or more, it is advisable to keep 
the total amount of material to be stored at a minimum. 
As the material contains prereacted lloc, to insure 

feeding of uniform quantities thereof, the storage tank 
CS therefor preferably is provided with agitation 
means, as heretofore described, (comprising electric 
motor CS1 adapted to rotate the agitating blades CS2) 
to make sure that the injected volumes contain uniform 
quantities of components. 

It has been found that a material having the propor 
tions speci?ed, and of such volume, provides an ade 
quate aqueous vehicle for the ?oc and other compo 
nents, the quantities to be fed being sufficiently large 
that ‘reasonably accurate control thereof may be ef 
fected and at the same time preferably involve the use of 
less than one gallon of material per day. At the same 
time, the material is free ?owing with a minimum ten 
dency to clog the feed pumps or supply lines therefor. 
As the cost of the chemical materials is relatively inex 
pensive and comparatively small quantities are em 
ployed, the cost of the materials per gallon of ef?uent is 
well within practical values. 

Likewise, where combinations of aluminate and sul 
phate are involved, they can, if desirable, be readily 
independently prepared and then suitably mixed to 
gether. 

In accordance with another feature of the invention 
the chemical materials conveniently may be suitably 
processed in dry form and adapted to be combined with 
water just prior to use. 

In this case, the respective materials are the form of 
dry discrete particles which may be placed in the de 
sired proportions, in a suitable grinding apparatus, for 
example a ball or micro mill, and ground to a suitable 
particle size. That particularly suitable is one that will 
pass through a 325 US. standard screen, i.e. on the 
order of 40 microns. While the material may be individ 
ually ground and thereafter mixed, grinding of the mix 
ture has the advantage of a combined operation. 
The dry mixture so formed may be packaged, trans 

ported and handled in such form, and suitably mixed 
with water, at time of use, to provide the desired con 
centration. 
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Again, the use of sodium aluminate, aluminum sul 
phate and sodium carbonate would appear to offer the 
greatest advantage as to ease of handling, etc. in dry 
form as compared with other more highly corrosive or 
caustic materials. 

OPERATIONAL PARAMETERS 
A system constructed in accordance with the present 

invention presents relatively small physical dimensions, 
considering the ‘results achieved, as compared with 
systems employing numerous tanks etc. and at the same 
time achieving poorer results. In a 500 gal/day capacity 
the overall area of the installation may be only 4'X8’, 
with the primary-secondary chamber 21 having a 
height of 4.5’ and the vertical column 14’ having an area 
of 4' by 4.3’ and a height or depth of 3’. Overall dimen 
sions thus would be 4’ wide, 8’ long and 7.5’ high. For 
comparison, a system having a 3125 gal/day capacity 
and capable of handling 50 persons would have corre 
sponding overall dimensions of only 6’ in width, 9' in 
height, and 14’ in length, and a 12,500 gal/day capacity 
for at least 200 persons would have corresponding over 
all dimensions of 7!; X 11' X 28'. Obviously, in some cases 
it may be practical to install a plurality of units rather 
than one large unit. 

In view of the fact, previously discussed, with respect 
to widely varying factors in the operation of this type of 
system, it is believed preferable to more or less limit 
speci?c parameters to the operation of the speci?c sys 
tem illustrated, under average home conditions as dis 
tinguished from industrial conditions, from which one 
skilled in the art should have little dif?culty in applying 
the teachings hereof to other conditions and applica 
tions. It is believed apparent, as previously mentioned 
with respect to the chemical materials, calculations and 
situations such as this cannot be resolved with mathe 
matical precision and in many if not most cases mathe 
matical concepts should be con?rmed with empirical 
studies. 

Suitable operational parameters (other thancomposi 
tion) of chemical materials, therefore will be discussed 
in connection with ‘the system heretofore described, 
having an approximate operating capacity of 500 gals. 
per cycle of operation, i.e. for example 24-hour cycle, in 
which case the primary-secondary tank 20 could have 
an approximate volume of 800-850 gals. with approxi 
mately 200-225 gals. residual being maintained in the 
tank at all times, i.e. normal total maximum content 
approximately 700-725 gals. 
The blower B, in such case preferably should provide 

at least 18-25 CF at a head of 35"—40” of water. Calcu 
lations with respect thereto can be readily derived in 
accordance with present techniques and teachings with 
respect to aeration procedures, and conveniently, air 
may be supplied at 40 cubic feet per minute under such 
pressure, to provide a wide margin of safety and insure 
maximum aeration. 

In the embodiment of the invention illustrated, again 
assuming that the primary-secondary tank has a capac 
ity of 800-850 gals, the tertiary unit may be con 
structed, for example, with a bed area of 3 feet and 
adopted to contain a minimum of substantially l2 cubicv 
feet of ?lter and adsorption materials in which embodi 
ment ?ve layers L1 to L5, with the layer L1 comprising 
a 1” layer of red ?int which would run from approxi 
mately 8" to i" in size. Layer L2 may comprise a 1" 
layer of red ?int which would run from §" to i" in size. 
Layer 3 may comprise ll" layer of quartz-1.5 to 0.9 mm 
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effective size (uniformity coef?cient 1.75). Layer 4 may 
comprise a 2%" layer of quartz 0.5 to 0.3 mm effective 

' size (UlC. 1.45). 
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The remaining layer L5 may comprise a hydraulic 
mix of activated carbon and quartz with the particle 
sizes of carbon ranging from l/l 1" to l” (4X10) mixed 
with #5 quartz with a uniformity coef?cient of 1.45, 
and a height of approximately 3 to 4 ft. 
The grid 35, with speci?c materials, such as that 

described, may be so constructed that the grid openings 
have minimum dimensions of from approximately 5" to 
2", while the perforate portion 38’ of the trough may be 
the equivalent of #16 mesh. It might be mentioned that 
while the carbon of the tertiary unit may contain some 
particles small enough to pass through the perforate 
portion into the primary-secondary chamber, this will 
do no harm as the ?ne carbon will provide extended 
surface therein, as has more or less recently become 
known, thereby improving performance. 
The extended surface area of the ?ne carbon provides 

a bacterial breeding surface of large area, facilitating 
oxidation and thus improving ef?ciency of aeration. It 
may even be desirable in at least some cases to actually 
seed the primary-secondary with ?ne carbon. 

It will be appreciated that with increase in the capac 
ity of the system the capacity of the teritary structure 
will also be correspondingly increased. This may be 
accomplished by increasing the area of the tertiary beds, 
increasing the height of the beds or a combination of 
both. In the ?rst case the How per unit of area may 
remain the same, and in the second the ?ow rate may be 
suitably increased. In any event the ?ow should be 
maintained at a rate that will insure that the layered 
structure of the beds is operatively maintained, i.e. the 
layered formation is not disrupted and with no liquid 
break-through. 

Following the aeration cycle and settling cycle of 
from about 2.5v to 3 hours, the settled effluent is pumped 
through the tertiary column by means of the pump P1. 
With such physical parameters it has been found that 
very effective results can be achieved with a secondary 
ef?uent flow rate of between 2 and 3 gal/min/ft.2 of 
bed area. Simultaneously with the ?ow in the tertiary 
structure, the chemical materials are injected into the 
secondary ef?uent line prior to entering the tertiary, 
and on the basis of a chemical mixture employing alum, 
soda ash and polyacrylamide with proportions, for ex 
ample, being such as to provide 250 mg/l, 120 mg/l of 
soda ash and 1 mg/l of polyacrylamide, the acqueous 
mixture employed may, for example, have a concentra 
tion of materials such that 6 cc per gallon of secondary 
ef?uent will provide the desired mg/l concentration. 

It has been found that best results are obtained when 
a portion of the desired amount of chemicals are added 
to the effluent in the primary-secondary tank 20, prefer 
ably prior to the settling operation, with the remainder 
being injected into the secondary ef?uent line during 
the pump-down cycle. Very advantageous results can 
be achieved by utilization of half of the desired quantity, 
i.e. 3 cc of chemicals per gal. in the primary-secondary 
tank, with the remaining 3 cc being injected in the sec 
ondary ef?uent line. As previously mentioned, the 
pumps P2 and P3 preferably are so constructed and 
operated that the requisite amounts of chemicals will be 
supplied at the desired times. 

Studies, made with introduction of the chemicals 
taking place entirely in the primary-secondary tank, or 
all introduction taking-place by injection into the sec 
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ondary effluent line during pump-down, indicated that 
desired optimum results could not be achieved solely 
with either. In the case of supply solely to the tank, it 
was found that there was a tendency for the chemically 
treated settled secondary effluent to still contain some 
suspended solids and colloidal particles which required 
further chemical treatment. Likewise, as substantially 
instant agglomeration and ?occulation must take place 
in the secondary effluent line, i.e. between the injection 
of the chemicals into the line and entry in the tertiary 
tank 22, optimum agglomeration of all of the prereact 
?oc supply to the effluent normally would not take 
place in such short span of time. However, when the 
chemicals were divided, efficient agglomeration took 
place in the primary-secondary tank, and at the same 
time additional chemical injection into the tertiary line, 
resulted in a very efficient removal of any remaining 
suspended solids and colloidal particles, as the latter 
were readily picked up in the second stage agglomera 
tion and effectively removed in the bottom portion of 
the tertiary structure which functions as a ?ltration 
media (as well as a support for the adsorption bed). Any 
remaining colloidal particles and dissolved organic 
solids were subsequently removed by adsorption on the 
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surface of the activated carbon of the tertiary structure. 25 
It will be appreciated that the e?luent flow through the 
tertiary unit can be readily controlled by means of the 
?ow control valves W1 and FVZ, which may be suit 
ably adjustable or, where the system is designed for a 
speci?c application, may be permanently set valves 
adapted to provide the desired flow rate. The use of two 
?ow control valves enables a ?exibility and accuracy in 
the control. 
While operating parameters with respect to regenera 

tion of the tertiary unit may be varied, in dependence 
upon other design and operating parameters, it has been 
found that exceptionally e?icient regeneration of the 
tertiaryunitcanbeaccomplishedbytheuseofairata 
pressure of from 10-30 psi with a ?ow rate of approxi 
mately 5-15 CFM in connection with the employment 
of water. In the system heretofore described, preferably 
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such water is heated to 160'-170' to insure maximum ‘ 
effectiveness. 
We have found that excellent results can be achieved 

by employing three steps, the ?rst solely with air, the 45 
second a combination of air and hot water, and the third 
a flushing with water only. While obviously duration of 
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recommended procedure, the storage tank 61 may have 
a normal storage capacity of approximately 90 gals. 

In a preferred regeneration cycle, air is passed 
through the tertiary unit at the speci?ed volume and 
pressure for three minutes, and thereafter continued for 
another twelve minutes during which period hot water 
is simultaneously supplied at a flow rate of 5 gals. per 
minute (utilizing 60 gals.) and terminated with a ?ush 
ing operation, utilizing only water, for a duration of 4 
minutes (utilizing 20 gals.) whereby the regeneration 
cycle utilizes a total of 80 gals. of water. 

In determining the parameters for the regeneration 
cycle it will be appreciated that the volume and pres 
sure of the regenerating air (or gas) should be sufficient 
to adequately expand‘ the ?ltration and adsorption beds 
to insure effective oxidation and ?ushing of all particles 
with hot water during the combined air-water operation 
at the same time without undesirably changing size 
distribution of the particles comprising the respective 
beds, i.e. disturb the operational arrangement and func 
tion of the respective layers of ?ltration and adsorption 
materials. Likewise, the amount of air (or gas) and 
water employed must be sufficient to insure adequate 
oxidation and ?ushing of the tertiary materials into the 
primary-secondary tank. The ?nal 4 minutes of flushing 
insures that the water remaining in the tertiary unit at 
the end of the regenerating cycle will have the same 
purity as that therein prior to the preceding pump-down 
cycle. In this connection it should be kept in mind that 
as the tertiary unit is, to a large extent, ?lled with the 
?ltration and adsorption materials, the net volume avail 
able for the retention of water is relatively low and is 
thus substantially fully supplied by the ?nal ?ushing 
cycle. ' 

' RESULTS ACHIEVED BY THE PRESENT 
INVENTION 

The following table represents actual results obtained 
in the operation of a 5(D-gal. treatment unit constructed 
and operated in accordance with the invention, and 
utilizing the methods and materials heretofore de 
scribed. The chemical treatment in this particular case 
employed aluminum sulphate, proportioned in accor 
dance with the teachings of the invention. The table is a 
comparison between raw sewage, secondary effluent 
before and after chemical treatment and the nature of 
the effluent discharged from the tertiary unit 

Table 2 

W W 
Tertiary 

$000M Effluent . Effluent 

- Before After 

Raw Chemical - Chemical Average 
Constituent Sewage Treatment Treatment Low High Test 

BOD5 20' C. 115-425 15-50 - 10-25 1.0 0.3 1.4 
pH 6.7-7.6 6.3-7.7 6.5-7.5 6.9 7.1 7.0 
0.0. at 20‘ C. — 4-7 4-7 5. v 7.5 6.7 

$.So1ids 165-895 5-136 8-20 0 2.0 0.6 
Settleable solids, mg/l/hr 10-20 ' trace~ trace 0 0 0 
Phosphorous as P04 ' 12-18 i 8-13 6-10 0.3 4.0 1.57 
Nitrate as N — — t —- 10 15 — 

Turbidity, Il‘U . "10-40 8-30 - 0.95 5 2.15 

each operation is subject to variation, particularly an The results of operation for a period of over six 
extension of the duration thereof, it has been found that 65 months of a system embodying the invention may be set 
the following insures achievement of the desired results, 
providing adequate excesses of air and water and at the 
same time not unduly prolonging the operations. In the 

forth in a greater detail with respect to the character of 
the effluent discharged from the tertiary unit in the 
following table, in which the results are set forth in the 
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form of the largest and smallest value ascertained, to 
gether with the averagevalue (and the number of sam 
plings on which the results were based). 
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4. On or after 12/ 3 l/ 74, no effluent discharged to the 
Lake Michigan Basin shall exceed 4 mg/l BOD5 or 
5 mg/l of suspended solids. 

Table 3 
' Tertiary Effluent 

L H A No. Tests 

1. Temp. ‘C. at 9:00 A_.M. 10' 21° 14.8° $0 
2. p i 6.9 . 7.1 7.0 49 

3. Do. at 20° C., mg/l 5.0 7.5 6.7 47 
4. B0D5 20' C., mg/l 1.0 3.0 1.4 27 
5. Settleable solids, ml/l/hr 0 0 0 50 
6. Suspended solids, mg/l 0 2 0.6 42 
7. Phosphate as P04, mg/l 0.3 4.0 1.57 17 
8. Phosphate as 1’, mg/l 0.1 1.3 0.51 17 
9. Nitrate as N, mg/l 10 15. ~l1.8 ll 

10. Nitrate as N03, mg/l 44 66 52 l1 
l1. Nitrite as N, mg/l 0.17 l 
12. Odor None 
13. Turbidity, JTU 0.95 5 2.15 47 
14. Color units 80 130 104 7 
15. Total alkalinity as CaC03. ppm _ 28 80 40 7 
16. Phenolphthalein alkalinity as CaCo; ppm 0 0 0 7 
17. Total hardness as CaCo3, ppm 510 (1) 
18. Calcium hardness as CaCos. Win 290 
19. Magnesium hardness as CaC03, PPm 220 (l) 
20. Coliform bacteria, MPN/ 100 ml 0 

(Chlorinated ef?uent samples, 
1 ppm residual 012) 

21. Flow rate thru Tertiary Column 2 gpm/ft.2 

It will be appreciated from the above results that the 
effluent from the system is of high quality and readily 
usable for a wide variety of purposes. Conceivably, 
with the addition of chlorination, a potable water sup 
ply may be derived. Likewise, the renovated water, 
preferably with the addition of a chlorine residual, is 
readily usable for a lawn and garden sprinkling, larger 
scale irrigation, home sanitation and washing opera 
tions, swimming pools, and industrial processes. 

Based on an average home, or family of live persons, 
the cost of the chemicals for the tertiary treatment 
would run about two cents per person per day and with 
larger units the per capita cost would be reduced. Obvi 
ously, where the water is reused, a saving in water costs 
would materially reduce the overall cost of operation. 

It will also be appreciated that in this single very 
compact sewage treatment plant, employing only two 
basic containers or tanks, as compared with the multiple 
installations commonly employed, the present system 
fully meets the goals and standards which have been 
established for compliance on or after 12-31-77, estab 
lished by the U.S. Environmental Pollution Agency for 
treated discharge effluents which currently are as fol 
lows: 

_ TABLE 4 

POLLUTION STANDARDS 

A. Deoxygenating Wastes I 
1. On and after 7/1/72, no effluent shall exceed 30 
mg/l of BOD5 or‘ 37 mg/l of suspended solids. 

2. On and after 7/1/72, no effluent from any source 
whose untreated waste load is 10,000 population 
equivalents or more, or from any source discharg 
ing into the Chicago River System or into the Cal 
umet River System, shall exceed 20 mg/l BOD5 or 
25 mg/l of suspended solids. 

. On or after 12/31/73, no effluent whose dilution 
ratio is less than ?ve to one shall exceed 10 mg/l of 
BOD5 or 12 mg/l of suspended solids. 
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5. On or after 12/ 31/77, no ef?uent from any source 
whose untreated waste load is 500,000 population 
equivalents or more shall exceed 4 mg/l of BOD5 
or 5 :ng/l of suspended solids. 

B. Other Standards 
1. Bacteria-mo ef?uent may exceed 400 fecal coli 
form per 100 ml after 7/31/72. 

2. pH-shall lie within the range of 6.5 to 9.0 except 
for natural causes. 

3. Dissolved oxygen-shall not be less than 6.0 mg/l 
during at least 16 hours of any 24 hours period, nor 
less than 5.0 mg/l at any time. 

While the accumulation of sludge heretofore has 
presented a problem in sewage systems of the general 
type here involved, operation of a pilot plant, embody 
ing the invention, over an extended period of time has 
indicated that with the re?ex operations involved, and 
the extensive aeration provided, together with anaero 
bic digestion in any such sludge, the latter is apparently 
limited to inorganic and organic matter not effectively 
combining with oxygen or resolved into gases, and 
constitutes a relatively small amount. It would appear, 
at the present time, that a system embodying the inven 
tion, conceivably, might run for at least a period of 
years without cleaning, possibly 5 years or more. 

‘ As previously mentioned the system can be employed 
anywhere where power is available for the various 
operation, and obviously is not limited solely to com 
mercial electrical power supplies. 

It will further be appreciated that the cycling opera 
tions considerably reduce the required sizes of the vari 
1ous units, particularly the tertiary unit, the construction 
of which, for practical purposes, completely eliminates 
relatively frequent replacement or regeneration of the 
carbon by removal from the unit, as is customary with 
many installations. 
While the present disclosure has not touched upon 

safety devices which might be incorporated in the 
equipment, it is believed apparent that various monitor 
ing devices may be employed which would give an 
alarm in the event the normal cycle of operation is 




